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Abstract 

Background: Moderate joint laxity is widespread in many joints of the body, and this condition is considered to be 
caused by an abnormality in the collagen structure. This study was carried out to determine the serum prolidase 
activity in female patients with benign joint hypermobility syndrome (BJHS), and to evaluate its correlation with 
their clinical features. 

Methods: A total of 45 patients with BJHS and 40 healthy controls were included in the study. All of the patients 
with BJHS met the Beighton diagnostic criteria. All the patients and the control group underwent a comprehensive 
examination of the locomotor system and took the New York Posture Rating Test. The examination and test results 
were recorded. Serum prolidase activity was measured in both the groups. 

Results: Prolidase activity was significantly lower in patients with BJHS (479.52 ± 126.50) compared to the healthy 
controls (555.97 ± 128.77) (p = 0.007). We found no correlation between serum prolidase activity and Beighton 
scores or New York rating test scores. On the other hand, mean prolidase activity was significantly lower in patients 
with pes planus or hyperlordosis compared to those without (p = 0.05, p = 0.03, respectively). We did not find such 
a correlation with the other clinical features. 

Conclusions: Significantly lower prolidase activity in patients with BJHS suggests that prolidase may affect the 
collagen metabolism and cause hyperlaxity. 
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Background 

Benign joint hypermobility syndrome (BJHS) is a heredi- 
tary disease characterised by musculoskeletal symptoms 
in patients with widespread joint laxity, independent of a 
systemic rheumatoid disease [1]. The frequency of BJHS 
varies between 5-57% in young females and 2-35% in 
males [2]. Besides, the incidence of BJHS is higher in fe- 
males compared to males and decreases with age [3]. It 
may develop with some musculoskeletal symptoms which 
are affiliated with bones, tendons, muscles, ligaments, 
joints and spine. Impaired stability in the joint causes 
pathologies in the joint because of insufficient support 
of the collagen connective tissue in the nonjoint [4,5]. 
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Collagen is an abundant protein of the body. It is a 
major component of skin, tendons, ligaments, joint cap- 
sules and blood vessels [6]. Ligaments are dense bands 
of articular tissues that connect bones together. Those 
found in the knee are hypocellular ligaments and are 
composed of type I and III collagens, proteoglycans, elas- 
tin and water [7]. Maximum possible range of motion is 
determined by the tension of ligaments, hence by their 
motion restricting features. Therefore, the primary under- 
lying cause of the hypermobility is the ligament laxity 
[8,9]. Reduced thickness of collagen fibrils in patients with 
BJHS, as suggested by the electron microscopic examin- 
ation of the skin biopsy, supports this view [10]. 

Prolidase is an important enzyme that takes part in the 
collagen formation and degradation [11,12] and promotes 
recycling of the residues of proline, acquired from colla- 
gen degradation [13]. Prolidase deficiency affects the re- 
cycling of residues of proline in the collagen re-synthesis 
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[14,15], consistent with the findings by some earlier 
studies that have reported increased proUdase activity 
in the fibrotic process of the liver [16], including a 
work in rats [17]. 

A study conducted in children with hypermobility re- 
ports a lower prolidase activity compared with that in 
control [18] although conducting a similar study is not 
seen in adult patients with BJHS. The presenst study in- 
volves female adult patients with BJHS. We speculate 
that defects in the collagen structure might be respon- 
sible for ligament laxity in patients with BJHS. Therefore 
we assume that prolidase deficiency might lead to a reduc- 
tion in the proline content of the collagen and change the 
collagen structure. This study aims to evaluate the existing 
clinical features in patients with BJHS and compare the 
prolidase activity in the patients with that in the healthy 
controls and also investigate the correlation between pro- 
lidase and clinical features. 

Methods 

Study population and assessments 

A total of 45 female patients of reproductive age diag- 
nosed with joint hypermobility and 40 healthy controls 
were included in the study. Ethical board's approval was 
obtained, patients and healthy controls were fully in- 
formed about the study, and their written consent was 
taken before the study was performed. Exclusion criteria 
were as follows: pregnancy, breastfeeding, use of oral 
contraceptives, menstrual irregularity and existence of 
any neurological, rheumatoid, skeletal, metabolic or col- 
lagen disease. Medical histories of the participants were 
taken. Furthermore, the participants underwent physical 
examinations and they were checked for routine he- 
matologic and biochemical parameters. Physical exami- 
nations and assessments were conducted by the same 
team of physiatrist early in the morning, at the room 
temperature, with patients wearing only underwear and 
no shoes. 

Beighton scores were used in an effort to diagnose 
patients with BJHS (Table 1) [19]. The lowest score 



Table 1 Nine-point Beighton hypermobility score 



Task 


Right Left 


1. Passively dorsiflex tlie fiftli metacarpoplialangeal 


1 1 


joint to > 90° 




2. Oppose tlie thumb to tlie volar aspect of ihe 


1 1 


ipsilateral forearm 




3. Hyperextend the elbow to > 10° 


1 1 


4. Hyperextend the knee to > 10° 


1 1 


5. Place hands flat on the floor without bending 


1 


the knee 




Total possible score 


9 



was 0 and the highest score was 9. The scores at or 
above 4 were diagnosed as BJHS. The patients and 
healthy controls were assessed for the existence of 
joint pain, widespread pain throughout the body, car- 
pal tunnel syndrome, joint subluxation, hyperkyphosis, 
hyperlordosis and pes planus. New York Posture rating 
test was used to assess the posture [20]. In this assess- 
ment, the patients were scored from the front, back, 
and sideways by observing their possible posture 
changes in 13 different parts of body. The participant 
was scored 5 if she had a straight posture, 3 if she had 
a moderately impaired posture and 1 if she had a se- 
verely impaired posture. The minimum total sum was 
13 and maximum total sum was 65 when 13 parts were 
scored. 

Blood sample 

Following the examination of locomotor system, the 
Beighton manoeuvres and the New York posture ana- 
lyses, blood samples were collected from 45 consecutive 
females with joint hypermobility, using a cut-of value of 
4 or more, and 40 healty controls at 9:00-11:00 a.m. 
Serum was isolated from the blood after it was kept 
at room temperature for 30 minutes and centrifuged 
at 3000 rpm for 15 minutes. Serum samples were co- 
ded and kept at -40°C for further spectrophotometric 
analyses. 

Determination of prolidase 

Activity of plasma prolidase (U/L) were determined by 
a spectrophotometric method that measures the pro- 
line levels produced by prolidase. The supernatant was 
diluted up to two folds by normal saline. Twenty-five 
microliters of mixture was preincubated with 75 i^L pre- 
incubation solution (50 mmol/L Tris HCl buffer pH 7.0 
containing 1 mmol/L glutathione and 50 mmol/L MnC12) 
at 37°C for 30 minutes. The reaction mixture containing 
144 mmol/L gly-pro, pH 7.8 (100 j^L), was incubated with 
100 |iL preincubated sample at 37°C for 5 minutes. 1 mL 
glacial acetic acid was added to the mixture in order to 
cease the incubation reaction. After adding 300 |iL Tris 
HCl buffer, pH 7.8, and 1 mL ninhydrin solution (3 g/dL 
ninhydrin was melted in 0.5 mol/L orthophosphoric acid), 
the mixture was incubated at 90°C for 20 minutes and 
then cooled with ice. Later on, absorbance was measured 
at a 515 nm wavelength to determine the proline by using 
the method recommended by Myara et al. [16,18]. This 
method is a modified version of Chinard's method [21]. 
The intra-assay and interassay coefficients of variation 
(CVs) were both lower than 7%. 

Statistical analysis 

Measurement variables were expressed in mean ± stand- 
ard deviation, while categorical variables were presented 
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in numbers and percentages (%). Kolmogorow-Smirnow 
test was used to analyse the compliance of datasets with 
the normal distribution. Student-t test was used to com- 
pare the mean values of the group that displayed a nor- 
mal distribution, and Mann- Whitney U test was used 
for the group that did not. Furthermore, Spearman's cor- 
relation test was used to assess the correlation between 
serum prolidase activity and Beighton scores. New York 
rating test scores, joint pain, myalgia, carpal tunnel syn- 
drome, shoulder impingement, joint subluxation, hyperky- 
phosis, hyperlordosis and pes planus. Varying frequencies 
among the categorical groups were evaluated by Chi- 
square test. Fisher's exact test was used when the expected 
values were lower than 5. A p value below 0.05 was re- 
garded to be statistically significant. All the analyses were 
performed by Statistical Package for Social Sciences soft- 
ware version 15.0 for Windows. 

Power analysis 

In this specific study, the sample size of patients and con- 
trols were determined as at least 40 according to a = 0.05 
and P = 0.15. Mean serum prolidase activity were deter- 
mined in the patients and controls (479.52 ± 126.50, 
555.97 ± 128.77 respectively). The power of statistical ana- 
lysis for study population was 0.87 according to the given 
effect size (population means of 479.52 vs 555.97), SD 
(126.50 vs 128.77), sample sizes (45 and 40), and alpha 
(0.050, two-tailed). 

Results 

We found no statistically significant difference between 
the two groups in terms of age, weight, height and men- 
strual status (p > 0.05). Mean Beighton score was signifi- 
cantly higher in the patients (min: 4, max: 9; mean: 6.64 ± 
1.28). Mean serum prolidase activity was significantly 
lower in the patients (479.52 ± 126.50 pg/mL) compared 
to the control group (555.97 ± 128.77 pg/mL) (p = 0.007). 
New York Posture rating test scores were significantly 
lower in patients with BJHS (49.0 ± 16.2) compared to the 
control group (58.8 ± 3.5) (p = 0.001) (Table 2). 

Clinical features of the patients and the controls are 
shown in Table 3. The frequency of joint pain (p = 0.000), 
myalgia (p = 0.01), shoulder impingement (p = 0.05), pes 
planus (p = 0.01) and hyperkyphosis was significantly 
higher in patients with BJHS compared to the control 
group. No significant difference was found between the 
groups with regard to the frequency of other clinical pa- 
rameters (p > 0.05) (Table 3). Serum prolidase activity was 
significantly lower in patients with BJHS having pes planus 
compared to those without pes planus (p = 0.05). Further- 
more, serum prolidase activity was significantly lower in 
patients with BJHS having hyperlordosis compared to 
those without hyperlordosis (p = 0.03) Table 4. No signifi- 
cant correlation was found between the serum prolidase 



Table 2 Prolidase activity and demographic 
characteristics of the study groups (mean ± SD) 





Hyp&rniobil6 


Normdl 


P 




(n = 45) 


(n = 40) 




Age (years) 


25.26 ±6.69 


25.45 ±7.14 


0.9 


Weight (l<g) 


55.63 ± 8.91 


55.73 ±8.1 3 


0.9 


Height (cm) 


161.6±5.01 


161. 32 ±41 5 


0.9 


BMI (kg/m^) 


21.32 ±3.55 


2141 ±3.06 


0.5 


Beighton score (mean ± SD) 


6.64 ± 1 .28 


0.65 ± 0.89 


<0.001 


Min 


4 


0 




Max 


9 


3 




Prolidase (pg/mL) 


479.52 ± 1 26.50 


555.97 ±12877 


0.007 


New Yorl< posture rating 


49.04 ± 1 6.22 


58.82 ±3.56 


0.001 


test score 









BMI, Body mass index. 

Significance was defined as p < 0.05. 



activity and age, BMI, Beighton scores and New York pos- 
ture test scores. 

Discussion 

Collagen is the main component of ligament structure. 
Prolidase is an enzyme which can influence the collagen 
structure in patients with BJHS. There is a study in the 
literature which evaluates the prolidase activity in chil- 
dren with hypermobility [18]. The current work is the 
first study to investigate the prolidase activity in adult fe- 
males. The study is different from the others in two 
points; it has an adult target group and it establishes the 
correlation between prolidase and clinical features. 

In this study, we found that mean serum prolidase ac- 
tivity was significantly lower in patients with BJHS com- 
pared to the healthy controls. Besides, the frequency of 
joint pain, myalgia, shoulder impingement, hyperkypho- 
sis and pes planus was significantly higher in patients 
with BJHS. Serum prolidase activity was significantiy lo- 
wer in patients with pes planus and hyperlordosis. On the 
other hand, we found no significant correlation between 



Table 3 The clinical features of study groups 



Features 


Hypermobility Normal 
n = 45 (%) n = 40 (%) 


P 


Arthralgia 


15 (33.3) 


10 (25) 


<0.001 


Myalgia 


25 (55.6) 


11 (27.5) 


0.01 


Carpal tunnel syndrome 


4 (8.9) 


2 (5) 


0.11 


Impingement syndrome 


5 (11.1) 


3 (7.5) 


0.05 


Subluxation 


3 (6.7) 


0(0) 


0.24 


Hyperlordosis 


30 (66.7) 


28 (70) 


0.818 


Pes planus 


26 (57.8) 


1 2 (30) 


0.01 


Hyperkyphosis 


28 (62.2) 


9 (22.5) 


<0.001 



Significance was defined as p < 0.05. 
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Table 4 The activity of prolidase associated with clinical 
symptoms and findings 





Prolidase, (mean ± SD) 
Presence Absence 


P 


Arthralgia 


452.34 ±121.78 


513.51 ±127.04 


0.10 


Myalgia 


452.87 ± 1 24.96 


509.98 ±124.1 8 


0.13 


Carpal tunnel syndrome 


483.36 ±136.82 


479.15 ±127.27 


0.95 


Impingement syndrome 


468.72 ±116.56 


480.87 ±129.01 


0.84 


Subluxation 


455.70 ±45.10 


481.23 ±130.50 


0.74 


Hyperlordosis 


422.66 ±121.60 


507.96 ±120.76 


0.03 


Pes planus 


437.23 ±116.09 


5 10.43 ±126.92 


0.05 


Hyperkyphosis 


477.34 ±132.40 


483.11 ±120.02 


0.88 



Significance was defined as p < 0.05. 



prolidase and Beighton scores or New York posture test 
scores. 

Benign hypermobility is a clinical syndrome charac- 
terised by greater than normal active or passive range of 
motion in joints, independent of a systemic rheumatoid 
disease. Although various enzyme and hormone studies 
have been conducted in this field [22,23], no full light 
has been shed on the etiopathogenesis of BJHS. Liga- 
ments are hypocellular and consist of collagen, proteo- 
glycans, elastin and water [7]. Such structural features as 
stiffness and flexibility of the ligament play an important 
role in the creation of normal joint motions. Therefore, 
changes in the collagen structure and the resulting liga- 
ment laxity are considered to be highly responsible for 
hypermobility. 

Prolidase enzyme plays an important role in the regu- 
lation of collagen metabolism. Glisinprolin, a substrate 
of prolidase, exits in the collagen structure [24]. There 
are some reports stating that prolidase activity is signifi- 
cantly different in patients with variety of diseases where 
it is thought that their pathogenesis involves the patho- 
logy of collagen biosynthesis [11,25]. Significantly higher 
activity of prolidase is reported in patients with idio- 
pathic clubfoot [25]. Previously, it has been found that 
prolidase activity is inhibited by collagen degradation 
products [21]. In a study, Galicka et al. [21] found lower 
prolidase enzyme activity in osteogenesis imperfecta 
cells. In another study conducted on children with joint 
hypermobility, who met the Beighton diagnostic criteria, 
Yazgan et al. [18] found lower prolidase activity in the 
patients compared to the controls, which was not statis- 
tically significant. Both studies concluded that decreased 
prolidase activity might affect the cellular growth and 
the collagen metabolism. Similarly, we found significant- 
ly lower prolidase activity in patients with BJHS, suggest- 
ing that prolidase might affect the collagen metabolism, 
partially resulting in changes in the ligament structure 
and paving the way for hypermobility. However, our study 



did not show any correlation between prolidase enzyme 
activity and Beighton scores. This may be attributed to the 
fact that the average value of scores (mean ± SD: 6.64 ± 
1.28; median: 6.00) is close to the lower limit value and/or 
the 50% of patients have 5 and 6 scoring values. 

The number of studies that have evaluated the joint 
and non-joint symptoms in patients with BJHS is rather 
limited. In their study, Mishra et al. found that 31% of 
the patients with BJHS had joint pain, while 10% had 
ligament injury, another 10% had tendinopathy and 4% 
had subluxation [26]. Furthermore, Shiari et al. [27] found 
that the frequency of joint pain was % 35.4 among patients 
with BJHS, whereas Yazgan et al. concluded that 30% of 
the children with BJHS had joint pain, 10% had pes planus 
and 4% had myalgia [18]. 

A study which investigated the postures of patients 
with BJHS found significant differences between the pa- 
tients with BJHS and the control group with regard to 
posture scores and pain [28]. All the clinical signs and 
symptoms evaluated under this study were significantly 
higher and New York posture rating test scores were 
significantly lower in patients with BJHS. Besides, such 
clinical features as joint pain, myalgia, shoulder impinge- 
ment and hyperkyphosis had a significant correlation 
with the joint laxity in these patients. Poor posture is 
significant in the management of BJHS, and its long 
term effects must be taken into account when planning 
a treatment for such patients. Reviewing the literature, 
we have not seen any study which evaluates the fre- 
quency of carpal tunnel syndrome, hyperkyphosis and 
hyperlordosis in patients with BJHS. Our findings sup- 
port the literature with reference to the joint pain and 
tendinopathy. On the other hand, we found lower values 
than those in the literature, particularly with regard to 
the values found for myalgia, pes planus and subluxa- 
tion. This might be attributed to the genetic variations 
and environmental factors. 

Being a cross sectional study is one of the restrictive 
factors in our study. Another restrictive factor is that 
our study did not involve any male patients. Given the 
fact that hypermobility is more prevalent among females, 
we could not find enough number of male patients and 
excluded this group from the study. Not considering the 
possible factors affecting prolidase activity may be an- 
other limitation of the present study. 

Conclusions 

Prolidase is an important enzyme that takes part in the 
collagen formation and degradation. It is particularly in- 
fluential in the last stage where the imminopeptidases 
which contain C-terminal proline and hyroxyproline split. 
We performed this study with assumption of a possible 
correlation between collagen defects and serum prolidase 
activity in patients with BJHS. We found that serum 
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prolidase activity was significantly lower in the patients 
compared to the healthy controls. Therefore, we suggest 
that the lower serum prolidase activity may be an import- 
ant etiologic factor in the etiopathogenesis of BJHS. How- 
ever, in order to attain further knowledge about the 
role of prolidase in joint and the process of the dis- 
ease, more comprehensive studies on a wider range of 
population are required. 
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